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中挖掘 MDH 基因，并构建相应的工程菌株，从而进行以下实验： 
（1）目标菌株的筛选。从实验室保存的 14 株由国家海洋局第三研究所馈
赠的海洋菌菌株出发，筛选出 1 株 MDH 酶活最高的野生型菌株 Pseudomonas 
beteli。 
（2）构建表达 MDH 的重组大肠杆菌。以 Pseudomonas beteli 基因组为模板，
克隆出 MDH 基因，并连接至载体 pET -28a，转化至 E.coli BL21（DE3）和 E.coli 
Rosetta（DE3），得到表达 MDH 的工程菌。 
（3）MDH 酶促反应最适条件和稳定性的考察。重组菌株 Rosetta-pET28a-
MDH 通过诱导，产生目的蛋白 MDH 并通过镍柱进行蛋白纯化，纯化后 MDH 的
比酶活为 31.3U/mg。MDH 酶促反应最适温度为 60 ℃，40 ℃以下孵育 1 h，酶活
都能保持在 60 %以上。最适酶促反应 pH 为 8.0， 40 ℃孵育 1 h，MDH 在 pH=7.0
时最为稳定。 
（4）培养基优化。以苹果酸脱氢酶高产菌株 Rosetta -pET28a-MDH 为发酵
菌株，利用 PB 实验以及均匀设计实验，结合 DPS 数据处理系统对其培养基组成
进行优化，最终确定了其最佳的培养基成分（g/L）：葡萄糖 10，酵母粉 37.5，磷
酸氢二钾 8.0，磷酸二氢钠 2.5，硫酸铵 1.4，EDTA 0.5，微量元素 1.1。 
（5）多阶段调控 50L 高密度发酵。接种前维持转速 200rpm 和溶氧值 40%
左右。第一阶段：在接种后，采用与通气量偶联的方法调节转速，维持通气量不
变，转速最高达 500rpm，设置溶氧值为 30 %，温度 37 ℃。第二阶段：采用与通















设置溶氧值为 30 %，温度 37 ℃。第三阶段：当发酵液的 OD 值达到 10~11 时，
加入 IPTG，进行诱导，维持转速 500 rpm，设置溶氧值为 30%，温度 20℃。发
酵过程中，采用恒 pH 补料方法，每隔 1~2h 收集 30ml 发酵液。测定其 OD 值最
高达 15.1，苹果酸脱氢酶的粗酶比酶活和粗酶酶活分别为 67.5U/mg 和 41.0 U/ml，
















































Malate dehydrogenase (MDH) is an oxidoreductase, which can catalyze the 
oxidation of L-malic acid and coenzyme NAD + to form oxaloacetic acid. The reverse 
reaction catalyzes the synthesis of L-malic acid by oxaloacetate and coenzyme NADH. 
At the same time MDH in food, clinical medicine and agricultural production and other 
fields, have a very important application. As the current domestic MDH enzyme 
preparation is expensive, and mostly from the animal heart, there are complex and easy 
to cause environmental pollution and other issues, so from the rich marine micro-
organisms, the extraction of MDH is of great significance. Unique marine environment 
to create a salt, heat, cold, pressure and acid, alkali and other characteristics of the 
extreme enzyme. Marine microorganisms in the new genes, new protein development 
and other aspects of the great potential for the application of marine plants from the 
mining of MDH gene, and the construction of the corresponding engineering strains, 
the following experiments: 
(1) Screening of target strains. A strain of Pseudomonas beteli with high MDH 
activity was screened from 14 strains of marine strains fed by the State Oceanic 
Administration's third institute, which were stored in the laboratory. 
(2) Construction of recombinant E. coli expressing recombinant MDH. The MDH 
gene was cloned from the Pseudomonas beteli genome and ligated into vector pET28a, 
transformed into E. coli BL21 (DE3) and E. coli Rosetta (DE3) to obtain MDH-
expressing engineering bacteria. 
(3) The optimum conditions and stability of enzymatic reaction of MDH were 
investigated. The recombinant strain Rosetta-pET28a-MDH was induced to produce 
the target protein MDH and purified by nickel column. The specific activity of the 
purified MDH was 31.3U / mg. The optimal temperature of MDH was 60 ℃, and 
incubated at 40 ℃ for 1 h. The activity of enzyme was kept above 60%. The optimal 
enzymatic pH was 8.0, incubated at 40 ℃ for 1 h, and MDH was the most stable at 
pH = 7.0. 















composition (g/L) was optimized by using PB experiment and homogeneous design 
and the DPS data processing system to optimize the culture medium composition of the 
maltate dehydrogenase strain Rosetta-pET28a-MDH as the fermentation strain: glucose 
10, yeast powder 37.5, dipotassium hydrogen phosphate 8.0, sodium dihydrogen 
phosphate 2.5, ammonium sulfate 1.4, EDTA 0.5, trace element 1.1. 
(5) multi-stage regulation of 50L high-density fermentation. Maintain the speed 
before running 200rpm and dissolved oxygen value of about 40%. The first stage: after 
inoculation, the use of ventilation coupled with the method to adjust the speed to 
maintain the same ventilation, speed up to 500rpm, set the dissolved oxygen value of 
30%, temperature 37 ℃. The second stage: the use of ventilation coupled with the 
method to adjust the ventilation, speed maintained at 500 rpm the same, the system 
automatically adjust the ventilation, set the dissolved oxygen value of 30%, temperature 
37 ℃. The third stage: When the OD value of the fermentation broth reaches 10 ~ 11, 
add IPTG, induction, maintain the speed of 500 rpm, set the dissolved oxygen value of 
30%, temperature 20 ℃. Fermentation process, the use of constant pH feeding method, 
every 1 ~ 2h collection of 30ml fermentation broth. The enzyme activity and crude 
enzyme activity of malic acid dehydrogenase were 67.5U / mg and 41.0 U / ml, 
respectively. The fermentation broth of 1L contained 41000U of enzyme activity. 
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表 1.1 海洋微生物的主要特性 













































例如，Batistagarcía 从深海海绵 Stelletta normani 分离的真菌的木质纤维素酶，其温
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